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S4 Vitreous ceramic materialt^ prociiRx fur fflbricatlng these matoriaU iinci their appllcetlon In bondlni* ceramic parts. 

57 Vitreous ccminic materkls, proctssA Ibr iiibricalitiy, Ihcso 
mtmnls aiid tlicir qiplication in the boiidln{} ol'ccnimic part». 

Vitreous cemmic muturial^, iuchiding silica, duininu. 
ningiusisiuma nud >'tinuin 0\idc. 

Their re^ectivo ^veighi qutuililics uoiTcspondeut lo thi: 
incqualiUtis : 

32.5% SiOj + N^gO 77.5%: 17.5% AlA 62.3%; 
5%Y^)j, 5«)%. 

Appiidttion of thesis niiUcriab to Ulc bonduig of ptirtit of 
ihe ssana of silicon carbide, silicon iiitridc or Si Al ON. 
ytiriuin o.\ide iBcilitatiAgi the v^diin^ oJ'aii adhesive [mi^ oitto Ihc 
flurrace of the parts. 
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Vitreous ceramic matcrialfl, flrocess for fahrigathig these materials and thdr 
application. 

This invention relates to new vitreous ceramic materials derived from 
silica, alumina^ magnesia and yttrium oxide. 

More and more frequently, new crystalline ceiwiic materials are being 
employed, such silicon carbide, silicon nitride, nitrides of silicon modified by 
the addition of oxygen and aluminum in their crystalline lattice, for the fabrication 
of parts and devices designed to be subjected to major mechanical stresses at 
elevated temperatures. 

It is, however, difficult to assemble parts of these materials by bonding^ as 
that requires adhesives resistant to elevated temperatures and to stresses brought 
about by thennal expansions, presenting a coefficient of expansion little different 
from those of the materials to be assembled, and wetting them well 

Hie present invention has as its goal to provide materials that can be 
utilized as adhesives for bonding the crystalline ceramic materials mentioned 
above. 

These materials are composed &om mixtures of silica, alumina, magnesia 
and yttrium oxide, corresponding to the weight ratios 

32.5 % < Silica and Magnesia < 77.5 % 
17.S % < Alumina < 62.5 % 
3 % < Y2Q3 < 50% 

Such materials correspondent to the area of the triangle ICB of the 
diagram [of] ternary silica+magnesia-alumina-yttrium oxide of Figure 1 of the 
attached diagrams. Among these materials, those corresponding to the area of the 
triaogle ABC may be manufiictuied from a base of cordierite, ahmuna and 
yttrium oxide and are represented by the area ABC of the ternary diagram 
cordierite-alumtna-yttrium oxide of Figure 2 , whose sides correspond to the 
limits of die compoimd (by weight) 

50% S Cordierite < 95% 

0% S Alumma < 45% 

5 % < Yttrium oxide < 50% 
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or» expressed in magnesium 
oxide : 6,9% to 13,1% 

I' silica + magnesium 32.5% to 61.7% 

silica: 25.6% to 48.6% 

alumina : 17.5 % to 62.5 % 
yttrium oxide : 5 .% to 50 % 

The above materials may be additioned by at least one metallic oxide 
fivohng their devitrification, such as titajiium dioxide, zirconium^ zinc oxide^ in 
a ratio nuiiging up to 5 % by weight, which improves ^eir mechanical resistance 
to heat between 1000** and 1350T. 

These vitreous materials thoroughly wet the crystalline ceramic 
materials, such as silicon carbide, the silicon nitrides and the modified silicon 
nitrides (Si Al ON), due to the presence of the yttrium oxide which acts as a 
wetting agent. They permit the formation of strong adhesive bonds of minimal 
thickness. 

As they are oxide-based and present an elevated vitreous transition 
temperature (between 900^ and 100° C [sic?]), they are perfectly suited to 
equipment operated with heat, possibly in an oxidizing atmosphere, particutariy 
in heat exchangers at around 800^C . 

These types of glass may be devitrifled, either by addition of the metal 
oxides mentioned above, or by one or more slow cooling cycles. 

The most general process for fabricating the above vitreous materials 
consists of mixing the powders of silica, magnesia, alumina and yttrium oxide by 
milling in a container, melting the obtained powdered mixture at a temperature 
above 1500^ C under oxidizing atmosphere, particularly with air, then allowing 
the glass that has formed to cool. For the materials in which the ratio of the 
quantities of silica and ahimina correspond to that of the cordierite, or mixing of 
the natural or synthetic cordierite, of alumina and yttrium oxide by milling in a 
container, then similarly melting the obtained powdered mixture at a 
temperature above 1500^ C under an oxidizing atmosphere and allowing the glass 
thus formed to cool 
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The invention extends finally to a process for bonding parts of the same 
type of silicon carbide> silicon nitride or modified silicon nitride (St Al ON), in 
which a vitreous ceramic material sudi as defined aix}ve is crushed, the milling 
container in a liquid medium, dried, a binder and a solvent added to it in order to 
form a paste> this paste [then] applied between the parts to be glued, the 
assembly dried in an oven, ^en it is raised to a temperature in the neighborhood 
of around 1400^ C with neutral atmosphere. Preferentially, after this heating at 
around 140(y C, the banded parts are subjected to one or more slow coolings to 
assure the devitrification of the bonding material. 

Described below, by way of example, is a step for synthesizing a vitreous 
ceramic material, a step for applying this material onto the parts to be assembled 
and for fixing of the assembly, as well as a heat exchanger, r^resented by 
Figure 2 ofthe diagram, assembled using such a ceramic material. 

EXAMPLE 1 ■ Synthesis ofa vitreous ceramic material 

After fine mixing of the raw materials (silica and magnesia, alumina and 
yttrium oxide, or cordicrite, alumina and yttrium oxide) by milUng in a container, 
the powders are brought to &sion at around 1550° C in the presence of air, by 
prolonging the treatment for 2 hours. Aiter cooling, the glass is crushed and 
milled in a container, in an aqueous medium, until the average size ofthe grains is 
less than 80 microns. With the use of this method, a vciy homogeneous material 
is dius obtained. 

EXAMPLE 2 - Amplication of the ^lasa and firing ofthe assembly ■ 

A binder and a solvent are added to the giound glass powder. Different 
binder-solvent combinations may be used. 

According to a first variation, the binder may be a cellulose ether that is 
dispersed in water. One may thus prepare a cellulose ether gel commercialized 
under the brand name "Bermocoll B 600^ in water at 4%, and mixing the milled 
powder ofthe vitreous material into this gel in the proportion of 60 to 80% by 
weight of the powder for 40 to 20% of gel. 

The binder may likewise be a polystyrene plastified with the help of 
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butyl pfatalate» that has been dissolved in a solvent such as trichlorethylene. For 
example, a solution may be prepared containimg 5% poJystyreue by weight, 5% 
of butyl pfatalate and 90% of trichlorethylene. This solution is mixed with the 
vitreous material in the proportions of 60 to 80% by weight of powder for 40 
to 20% of solution. 

It is equally possible to utilize as binder a polysaccbaxide dissolved in 
water at the rate of 10% by weight. 70 to 80%of the milled powder of the 
vitreous material is mixed wilii 30 to 20% of solution. 

In this manner, with the help of the binder and the solvent, a paste is 
prepared that can be applied with a brush to the parts to be bonded . The choice 
of the binder has been determined so that the paste is sufficiently fluid to flow into 
the thin interstices (of some tenths of mm), but presents sufficient rigidity to 
remain in place without flowing, in the case of vertical joints. 

Following oven drying, the assembly is gradually brought to around 
HOO^C under neutral atmosphere (argon). 

The practitioner may subject the vitreous material forming acfiiesive 
between the parts at slow cooling cycles assuring its devitiification if it is deemed 
necessary. 

In particular, vitreous materials were prepared to present the following 
weight compositions (points D» F, O, of Figures 1 and 2). 
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or in weight percentages in oxides 
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Silica + Magnesia 
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A silica + magnesia, yttrium oxide and ahimina-baded compound was 
also prepared, in which the ratio of the quatttities of silica aod alumina did not 
correspond to the cordierite (point H of Figure 1). 

Silica + Magnesia 71.75 % 

Yttrium Oxide 20.75 % 

Alumina 17.50 % 

The expansion coefficients of the component materials corresponding to 
the anea of the triangle ABI of Figure 1 vary in large proportions, a2id it is thus 
possible to choose &om among these a material with an expansion coefficient in 
the vicinity of that of numerous crystaliine ceramic materials. 

Vitreous ceramic materials were utilized according the invention in 
particular in the assembly of heat exchange elements of fritted silicon carbide, 
designed for operation in turbines [engines]. Hiese exchangers, whose basic 
outline is represented in Figure 3, are comprised of more than 200 tubes such 
as the tubes 1 of the figure, assembled on the external edge flanges 2 . 
The external 3, internal 4 plates [shell] and edge closing discs 5 are sealed 
onto each other with the same vitreous material. All these bondings thus assure 
the tightness between the cold flux (for example, cold air) that circulates in the 
tubes and the warm flux (warm air) that circulates in counter-current around the 
tubes. The joints such as 6, 7, 8 of the vitreous ceramic material have 
withstood temperatures [generated? - illegible] by hot gases 
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raised to %2TC without alteration. 

Although the filbrication process for the vitreous ceramic materials 
described above appears as the preferred form of die invemioA^ it is understood 
that diverse modifications may be applied to it without departing from its scope, 
the binders and solvents cited are capable of being rq^lacc^l by others that would 
fulfill the same technical role. 
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CLAIMS 

1/ Vitreous ceramic material, iiiciudins silicA^ alumina, magnesia and yttrium 
oxide, chafacterized in that their respective weight quantities correspond to the 
inequalities 

32.5 % < Silica and magnesia < 77.5 % 
17.5 % < Alumina < 62.5 % 
5 % < Y2O3 < 50 % 

V Materials following Claim 1, characterized in that the ratio of their quantities 

of silica and magnesia correspond to that of the cordierite. 

3/ Materials following Claims 1 and 2, characterized in that they include 

additionally up to 5% by weight of at least one metallic oxide favoring their 

devitrification. 

4/ Materials following Claim 3, characterized in that the devitrifying metallic 
oxide is selected from the group composed of titanium dioxide, zirconium and 
zinc oxide. 

SI Fabrication process for a material following Claim I, characterized in that 
the powders of silica, magnesia [J alumina and yttrium oxide are mixed by 
milling in a container, melting the obtained powdery mixture at a temperature 
above 1500^C under oxydizing atmosphere, then allowing the glass formed to 
cool. 

6/ Fabrication process for a material following Claim 2, characterized m that 

the powders of cordierite, ahimina and yttrium oxide are mbced by milling in a 

container, melting the obtained powdery mixture at a temperature above 1500% 

under oxydizing atmosphere, then allowing the glass formed to cool. 

7/ Application of the materials according to one of Claims 1 to 4 to the 

bonding of parts of the same type of silica carbide, silica nitride or modified silica 

nitride by addition of aluminum and oxygen. 

8/ Process for bonding between parts of the same type of silicon 



[Note : Claim^ 6 is an exact duplicate of Claim S, in the French original. - 
Translator.] 
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carbide, silicon nitride or modified silicon nitride by addition of aluminum and 
oxygon, characterized in that ^ material such as any one of the Claims 1 to 4, is 
crushed, milling it in a container in a liquid medium, drying it, adding to it a 
binder and a solvent in such a way as to form a paste that wets well the parts to be 
bonded, applying this paste between these parts, drying the assembly in an oven, 
then bringing it to a temperature around 1400°C under neutral atmosphere. 
9/ Process for bonding following Claim i, characterized in that a cellulose 
ether is utilized as a binder and water as solvent. 

10/ Process of bonding following Claim 8, characterized in that plastified 

polystyrene is employed as binder and trichlorethylene as solvent 

11/ Process of bonding according to Claim 8, characterized in that a 

polysaccharide is employed as binder and water as solvent. 

12/ Process of bonding following one of Claims 8 to 11^ characterized in 

that a vitreous ceramic material additioned by a devitrifying metallic oxide is 

used. 

13/ Proccess of bonding following one of Claims 8 to 12, characterized in that 
after heating to HOO^C under neutral atmosphere, the glued pieces are subjected 
to at least one slow cooling cycle assuring the devitrification of the bonding 
material. 
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Bto«Ha«x afiramiquaa Vltreu-. prac^di da fahric^-an da tela mat^rfau* et appneaiion da cas damiara au collage de 
pTficea e^ramiqiiee.' 



CM 



MaiMauac cfitamiquaa vltrwix. procidd de lehrication da 

ntttMiux Bk appWcaUon de cos demlers 8u collage de 

pidcss cfiramlqvea. 

Mat&iSaux ceramtqufiB Vrtreuji. comprenant de IB «nce, aa 
raluminft, de la masn&iie et de foxyde dVfrlum. 
Leurs quantitfia pondSralea respactK«8 impendent aux Infiga- 

^^aais «^ siOi + mbO 77.5 %j 17.fi 'Wj aia 82.5 5 <w» 

^'iSicSijn cea mat^rlaox au coHage de pftes de infime 
fiatlrTen caftora de airiaiuin. nitruw de sincium ou Sr Al ON. 
I'oxyde dW"™ faciBiant !e nwuillBBB d-une pflte eqUante eur 
la surl^ de aes pidcas. 
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Hatiriaux ceramiQuea vit reux, prooede de fabrleation de tale raatlrlaux 
et ftpplloatlon de oaft di^fni^nB 

La presente Invention conoerne de nouveaux matfirlaux ceraHilquea 
vitreux k base de silioe, d*alumlne, ds ma^^sie ot d'oxyd^ d'ytti«iuni. 
^. utilise de plua en plua fHqueioiDent de nouvaaux oiat^plaux cira- 

Biquefi cristallins, tals que le oarbura de sUiaiiuit le nltrure de alii- 
oium, lea nltpunea de sUieluH nodifUe pa»* addition d*oxygStJe et"d' alu- 
minium dafls leur riseau oriatallln, pour la fabrioatibn de pil^oea et 
d'apparails deatinea d 8tre aoumia I dea oontralntes nKSoaniquea imoop- 
10 taotea h temp^pature ^levee. 

II eat toutafoia difficile d'aaserabler dda pi^oes en oes matfiKaux 
par oollage. oar eela nfieessitarait dea adhesifa j*esiatant aux tempSra- 
turea Slev^ee et aux oontralnbes entralneea par lea dllatationa thermi- 
quee, pr^aantant ua ooeffidlent de dilatation aaaea peu different da 
15 ceiix dea inat«Sriaux h asseaibler, at zDOUillant bien qbux-oI. 

La preaente invention viae h procurer d«fi nat^rlaux utiliaables 
GOQiae Bdh^fllfs pour le eollago dea iiiat<Sriauj|f odrauiques orlatallina men- 
tiona^s oi-dessuB» 

Cea xnatirlaux sont conatitu^s par lea mllanssa de ailise, d'alu- 
20 mine, de iDBsn^aie et d'oxyde d •yttrium rSpondant aux proportions pond^ 
ralaa 



32,5 % ^ Stlioe et loasneald ^ 77i5 * • 
17^5 % ^ alumina ^62,5 t • 
25 5% < y^Oj 4 50 % 

De tela naat^riaux aorreapondent I l»aire du triangle ICB du dla^ 
sramnie ternalre silioe + nagneaie-alumine-oxyde d» yttrium de la figure 1 
du deesin annex^. Parmi oea matffiaux, oeux eorreapondant k l»alre du 
30 triangle ABC peuvent Stre fabi^iqw^a an partant de eordi^rlte, d»aJ.umine 
et d»oxyde d 'yttrium et sont reprlaentee par l»aire ABC du diasranme 
• ternalre eordl6rite- alumina- oacyde d» yttrium de la figure 2', dont lea 
ootea oorr^gpondent aux JLlmitea de oompoaltlon (en poida) 
50$ ^ oordlerite ^ 95J 
35 0% ^ aXumine ^ ISH 

5%^ oxyde d'yttrluraXSO* 
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ou^ ttpriittles en oxyd& 

magnSeie : 6,9% h 13,1f ') ^ 

• t sUice ^ ]DBsn«3ie » 32i^9S a 61,79 

ftllioB : 25,65 & UB,6% ) 

5 alvuDlne : ^7,5% S^^St 

oxydd d*^trlum : St & 50t 

Les matSrlaax ol-dessus psuvent Stre addltionnSs d*eu molns un 
oxyd© fli4tailiquQ favoriaant leur davitrlfleatlon, tels que le bidxyde de 
titans, la ziroone, l»oxyde de zltio, on proportion allant jusqu'^ 5* en 
10 polds, oe qui sm&llove leur r§sistaaee nSoanigue k eUaud entre 1000* 
et 1350»C. 

Caa matepiaux vltr«ux jBoiiilXent Men les oatSriaax oSramiqueB 
criatalilnat tels que le oarlnire de allioluia, les nitrures de sllloiuni 
lea nitrurea de aiUolum modifils (SI Al ON), EE^ce & la prSsenoe de 

15 l*oxyde d 'yttrium qui Joue la r&la de moollUmt* lis pepinettent de forser 
dea Joints tr&s adhdrents de f^ble ^palsaeutt* 

Comioe lis sont h base d'oxydes et prSaeateat unfr temperature de 
tranaitlon vitreusft ^lavda (antra 900» et 100«>C), lla eonvienisant par- 
faitement dana l*«ppareillaae ftnetlonnaat & ehaud» iventuaXlaBant an 

go atmoaphdre oxydante, notaRPent dana lea dobaQBeurs tharaiquea f&niition^ 
nant vera 800»C. ' ^ ' . 

Cea verrea peuvent itra deyltrifida» soit p^r addition des oxydea 
odtalllquas nentiomida oi-deasus,. aoit par un ou plualeura eyelca de 
rafroidiaaamant lent. 

25 ' Le prooadfi de fabple&tien le plus general daa mat^riaux vitrevx 

oi-des9ua conaiate k mdl^nger des poudres de aillee^ de magnealet d* alu- 
mina et d'oxyde d> yttrium par broyage en jarra^ k fendre le mdlange 
pulvdrulent obtenu i una tamperature sup^rieure h aoua atmoajdi^re 

oxydantfiy notamnent k I'air, puis a laiasar rafroidir le verre fdrae* 

30 Pour les matSri^ux dont le rapport des quantitSa da ailiee et d>aluml«a 
oorreapond & oelui de la eordiBrita, ou mdlange des poudras de oordldrlte 
naturelle ou aynthdtique, d*alunine at d*oxyde d'yttrlum par broyaga an 
Jarre i puis fond egalenient le reelanga pulverulent obtenu a uno tempSra— 
tura supdrieure k 1500' sous atmeapb&re oxydante et laisae reFpoidi4-r le 

3.5 verre forad. 
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L' Invention s'^t'end enfln k un proeede de collage de pi^ees de mSne 
nature en carbur9 de sllloiumi nitrure de ailioiun ou nitruro de sUloiun 
iBodifil.(Sl Al 0N)> dans Xequel on eonoasse un mat^rj-au o^ranique 
vitraux tel qud d'lSfini fil-daasuat le bpole en Jarre en milieu Xlquidey le 
5 3eohe> I'additlonne d*un lianb et d'un aolvant de fa^on a former una 
p§be, applique cette pite ontre les pieoed k eoUeff d^ehe l^'Onaeoible en 
6tuve» puia le ported una teup^rature voisine de 1400^C sous atnoaphftre 
neutre. De prSrSreneey apr^a ce ohauffage vers I^OO^d oa aduaiet lea 
piicea collSas & un ou plualeurs refroidlBaemeiita lenta asaurant la 

10 devitrifloatlon dii ssat^rlau da oollaga. 

11 eat d^orlt oi-apr%St & titre d'exebplaq, due operation de ayn- 
these (l*un nateriau aeraaique vitrauxp una operation de depose de oa 
matsrlau suj* das places & aaaambler et de ouisson de X'asaenblagat ainai 
qu*un eohan^Qur de ^haXaur, reprSaantd en figure 3 du deasin^ aaaemblS k 

15 l*aide d*un tei matSriau c^ramique. 

BXEHPLE 1 - Synthaac d'un ggt^riau e^rajPlque vitreux - 

Aprea aSXanga intine daa mati^res premi&rea (sllXce et magoesie, 
aXumine et oxyde d'sfttriuui ou oordi4rita» aXumine et oxyde ,d* yttrium) 
SO par hroyaga en Jain^i on anSna k ia ftisioD les poudres an vol«lnage 
de ISSO^'C en pr^aenoa d*ai.rt an prolongeant le traitement . baurs?. 
Apr^s refroidissementi le verre eat oonoaeeS et broy^ an jarres en milieu 
aquauatt juaqu*&. ae qua la dimension moyanne dea grains aoit iitferieure 
h 80 miorons* On obtient ainai us matdriau vitreux blen .bonogene* 

25 

SXBtgLE' 2 -* Depose du verre et oulgoon d'aaaartblaga - 

On ajoute- & la poadre de verre broyee.un Xiant et uh aolvant* On 
peut utill36r diff Grants coupXes liant-aolvant, 

-SeXon una premiira vai^iantOi Xa 3i;Lant^peut Stre un 4ther oeXXuXo- 
30 aique que i'on disperse dans. X'eau, On peut ainai preparer un gel de 
I'dther eeXXuloalque oonmareiaXia^ aous Xa .designation - 
I'BerttOooXX E 600" dans I'aau k Htt et m^Xange Xa poudre broyea du matS- 
' riau vitreux a. o« seX dans Xa proportion do 60 k iot en ppids de poudre 
pour 40 k 20% de geX* 
35 * Le liant paut Stre legalenent un polystyrene plastifi^ a I'aide de 
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ehi^r^mi&n^. On pHa.re par «^«pXc tme solution eo»t««»* e» p^ids ^ 
de polyatyr&ne, 5» d« phb.l.te de b^l* ^ trloh^^^tin^. 0» 
mllanee oette aolutlon ^ la pi>adr« *> -tiriau rttre«it dus 1« pp««»or- 
tlOBS in 60 i.' 80* en poidi d« poudre p«n- HO & aoS de solution. 

II est ggalMent poaaible d'utiliser coibbb liaat ™ p^AyBaeehariiie 
diwouB dans I'oaa & rai«on de 10« on poldo. to -aiW TO & 80* de 
poudre brayoe du niateriau vitrew h 30 k m 6* ■olUtlon. 

OR eoiwtltUB ai„8i i I'alde d» li«it et du BolTraat nre lAte soaoep- 
tibl« d'etre d^posee au pinceau s«r les Pi^'^ ^ ^ ***** 

liant a 6te efPeotud d« fagon qoe la pite. aolt ,«^^n% flulde pour 
s'iMulep dans des mtar^tlcea nliioed («• nuelquaa dl«lfc-a da mm), oala 
pr^aaata aaaa. da ri«ldlt« poa^ watar on plaoa a«ia .♦*«»Blar dau Xa 



aas da joints 'vet^loaux. 

Apr&a aSohasa en Ituve, V^BB^Um «•* proerBBtUVBmBtfli porta au 

voiainaga de 1100»C soos attnosphera aaotre (aroan) 

OA p«it Boumattre la matfatou oiMviB vltvmn fonaaat adhfiaif 
antra La. pl^aa h da. ayelo* d« rafPolfll»««Mmt lant aaaurant aa d^Tl- 

trlfioatlon al on le Juge n^oMsair^.^ 

II a 5U prfipara en partioulier l«e loatfirlaux prfa-ataDt 
1«8 ooapoaltlonfl pondiralea sulvarrtes (points D, E, G, dw flgiiws 1 
et 2). 



Cordlai'ite 
Oacyde d^yttrina 

ou en pourcentages ponderaux «a OKydea 
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11 a ^t4 prepare 




una 


oomposltion 





" wr^pare eguenenii une oonposition b i»asd de 

Billee + nasa^Bie, oxyde d'jrttMuB eb aluralne, datis laqualle le rapport 
des quantit^a de siiloe ex. d'alunlne ne ooPrespondalt pas I la eordl^rite 
(point B de la figure 1) 

15 Silifis ♦ maeaesie 71|75 % 

Oxyia d'yttrlim 20,75 % 

Aluniae ^^'jq , 



Las coefficients de dilatation das matSrlaux da compoaltlon oor- 
respondant k Z'alra du triangle ABJ da la figure 1 variant daaa de larses 
proportions, at I'oa peut dono eholalr parai eeux-ct un 'aaterlau de 
coefficient de dilatation voleln da celui de Dcmbreux bat^rlaux c4rani- 
ques cristalllna. 

On a utlltsS des natlpiaux o^raailques vttreux selon I'invantion en 
partlouiler pour I'asaemblase d'516ments d'^ohangeura de chalaur an oar- 
iJttre da ailiolum ft.ltt<, destines k fonotionner dans dea turbomaohlnM. 
Oes dotaaneaurs, dont uq scbSma de prlnclpa eat reprdaantS en flsure 3, 
aont Gcnstltu^s da plua da 200 tubes tela que las tubas 1 de la figure, 
assembles sur des flaaquaa d'extr^mit^ 2. Lea. vlrolea extarae 3, 
interne 4 et diaqnes d& feroeture d'extrAnlti 5 aont soellto lea una awe 
autrea aveo le m&ne aatlrlau vltreu*. Tous oea ooUagea assureat alnsi 
I'^tJBach^lt^ antra Xe flux frold (par example air fi«ld) qui clrcula dans 
les tubes et le flux chaud (air ohaud) q«i ctrcule i oontre-bourant 
autour dea tubea. Les Joints tela que 6, 7, fl en nat«rlau eiramique 
vitreux ont support^ des tamp«raturea e^;PyixJ.^^^a vhr daa ga^ ehauda 
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porbes k 827 sans alteration. 

Blen que le proc^d^ dft fabrication des toatlrlaux ciraailques yl^ 
treuxdfopit Qi-dessuB paraisse la forme d 'execution de X' invention pjrS* 
f^rable, on comprendra dlverses nodifioations pduvent lui etre 

5 appQrt^es sand oortip de son cadre | les liaQt3 et dolvants mentlonnds 
pouvant pouvant Stre reaplacses par d*a\itre9 qui Joueraient le nSme rfile 
teohnlqua. 
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30 



30 
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RBVENDZCATZONS . . 

17 MaterlauK c^raaique vltreuxi comprenant la slliae, de 1* alanine, 
da la magneaie et do l'axyd« d» yttrium, eapatstlrifi^a en oa qua l6Ut*a 
quantltia pond^rales reapectlvea r4pondent aux In^s&li^^B.- 

5 

32,5 t ^ SlOg * MsO ^ 77,5 % 

17^5 %^ AiaOg^ 6^.5 % 

10 . 5 ^^Oj ^ 50 S 

2/ Hat4plaux selon la reyendication 1, earaotSria^s en oe que JLe rapport 
d6 leura quantites de ailice et ' de .magnSsie oorrd»pAnd a o^Iul la 
eordi^i>ita. 

IS 3/ Mat^rlaux salon lea revendications 1 ou 2, daraoterld^d dzi ae^ quells 
oomportent en outre Juaqu^i St en polda d'au aetna un oxyda mStaXllque 
fbvoriaant leur devitrifloation. 

4/ Mat^rlatix salon la revandleatlon 3t earaet^rla^a. en ea que X'oxyde 
m^talliqua divltrlflant eat cholal dans la gpoupa oonstltud par la 

20 bloxyde de titane, la alreone et I'oxyde de ziaa. 

5/ Fpoo^d^ de f&brioation d'un matdpiau selon la revendioabion 1, barao* 
t^ristf en oe que I'on melange ties poudres .de sllioe, de maen^ate d*alu-» 
mine at d*oxyde d'yttrium par broyage en Jarre^ fond le mdlan^ pulviSru^ 
lent obtenu. L una tenperature supdrleure ^ 1500*0 sous atmosphere oxy- 

25 dante, puis laisae refroidlr le verre fora4« 

6/ Proo^de de f^brloation d*cin matariau selon la revendleatlon 2, aarao^ 
tdriaS en oe que l*on mdlange dea poudres de oordiarltey d*aluinlne et 
d'oxyde d'yttriuw par broyage en Jarre, foiid le melange jpiulvSrulent 
obtenu a una teinp^rature eupSrieure & 1500"G aoua atnoeph&re oxydantei 

30 puis lalase refroldlp le verre fbrafi. 

7/ Application dea materiaix aQlon l«ime dea revendioationa 1- ^ 4 au 
collage de pleoes de mime nature dd earbure da silieium., nltrura de 
silloium ou nitrure de Bilieiuffi modlfii par addition dialuninium et 
d'oxyg^ne. 

3S 6/ Frooede de oollage entre elles da pleoea <r« mSi&e nature en -earbure de 
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slXiolUBii nitrure de slIlcluiB ou nitrurd fiilioiiia Bcdlfi^ P&p 
addition d'alumi«lutn eb d'oxys.^*» earacterlBe cn Cd que- 1 'on eoneassd 
un ndtariau selon I'une dea revdndlQationa 1 & 1i le broie en Jarro en 
milieu liquid©, le sftehe, I'additionne d^un llant efc d»un aolvant do 
5 fa9on & foraer une p&te mouill&nt Men lea pi^oes & oollery applique 
sette pSte entre ces plksds^ a^oho 1* ensemble en ^tuve, puie le portd 
une tdiApSrature voiaine de 1400^C aoua atmosphere nfiubra* 
9/ Proc4d^ de collage selon la re7endioation 8^ caraoterlae en ee que 
'.I'on uti-liso aonnifi liant un £ther cellulneique et aoiBne aelsrant de l*eaui 
10 10/ Proo^6 de oolLage selon la revendieaiS-on 8» earaot^ris^ en ce que 
I'^on utilise oosime llant du polystyrene plaatlfiS et ooome solvant le 
• trlchlop^ thylene- 

11/ Proc6d£ de Gollage aeion la revendioat^on 8| earaet^ria^ en oe que 
l*on utiliaa oome liant un polyaaeahai^e et ooinme aolvant de l^eau* 

19 12/ Proo^da de e'ollage aelon I'utJe dea if^evendicationa 8 ^ 11, caraet&»la^ 
en oe que l^on utilise un mat^riau caramique vitreux additlonnS d*un 
oacyde meballique davitsMTiant. 

13/ Proo^d4 de oollase aaXon I'une dea .revendieatlona 8 k 12, 
oaraot^rise en oe qu'apr&s Ohauffage a 1400"C sous atmosphere neutre on 

20 aoumet lea pieces oollees^ & au jDoina un cycle de refroidissaindnt lent 
aasurant la dSvitrirication du mates^iau da oollase. 
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FIG. 3 
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